Since 1940 over a million acres of sagebrush have been cleared and seeded to exotic grasses in Nevada. The practice has doubtless been more extensive in at least six less arid states.
Crested wheatgrass, usually a mixture of Agroflyron cristatum and A. desertorum, has proved widely adapted to soils, climate and use in the big sagebrush (Artemisia tridentata) type.
Owing to the extensive and increasing areas in crested wheatgrass, and the variable forage needs of the ranchers, response of the grass to particular intensities of use at different developmental stages is a matter of importance.
Involved are stand composition, productivity, longevity, soil stability, and return of the undesirable shrubs, especially sagebrush. Frischknecht and Harris (1968) found in Utah that heavy grazing and trampling restricted crown areas and reduced vigor of crested wheatgrass while encouraging return of sagebrush. Observations in Nevada tend to agree that crested wheatgrass persists under heavy grazing and is most palatable and most often grazed in early spring. Less is known about tendencies of systems of grazing to open these grass stands to reoccupanty by brush.
Procedure Grazing Treatments
The Bureau of Land Management and the Forest Service cooperated with the University and local stockmen who furnished the cattle on their allotments. Seven grazing treatments were applied to duplicate oneacre paddocks fenced in 1954 on uniform terrain and stands on three widely separated, dissimilar and previously ungrazed seedings.
Grazing was scheduled so that the influence of utilization of all plants at a known height and date could be measured.
The grazing treatments were (1) season long, (2) none, (3) heavy in alternate years, (4) heavy early,
moderate early, (6) heavy late, and (7) moderate late. A flash grazing technique was used in (3) through (7), i.e., the desired stubble height was reached quickly and uniformly by use of heavy stocking for a short period, four days or less. At two stations half the protected paddock was fenced against rabbits, and small rodents were poisoned annually. Early grazing was applied when average leaf length was 4 to 6 inches, at dates between mid-April and mid-June. It coincided with turn-out on the seeding. Late grazing, varying from mid-June to mid-September, coincided with conclusion of season long grazing. Heavy and moderate grazing resulted in average stubble heights of 1 to I%, and 2% to 3 inches, respectively, 1955-1964 . All fenced paddocks were closed to grazing in 1965 and final data were taken.
Measurements
Vegetation trends were evaluated by several methods:
(1) Plant cover, by species, using the area-list method (Pearse, 1935) on 10 randomly located permanent 9.6 ft3 plots in each paddock.
(2) The pregrazing clipping of 6 plots of 9.6 ft? (Frischknecht and Plummer, 1949) . Upon maturity of the grass in 1965, plots that had been clipped for nine years at the different dates and levels were compared with each other and with paired adjacent plots previously grazed but not clipped.
All were cut at the same height and date.
(3) Two lOO-ft loop transects (Parker, 1951) in each paddock.
Originally read at the foot marks, the half-foot marks were added in 1956-1958. Final readings were in 1963.
(4) Ten pre-and postgrazing grass height measurements on the two diagonals of each paddock.
(1) and (4) Harvests late and at heavy intensities were higher than at the moderate intensities or early (P < .Ol). Mean yield on the grazed plots in the tenth year was 22yo higher than on these clipped for 9 years but the difference was not significant. Least production in the final year was on the heavy early treatment.
Regression equations were calculated for grass production and precipitation.
The period October 1 to June 30 produced the highest value, r = +.84 and y = (94.08x) -523.78 where y is production in lb/acre and x is precipitation in inches. Seedlings of crested wheatgrass, nearly 2 1,000 in 11 years, varied from none on season long in 1955, 1956, and 1960 to 18/ft2 in 1962 on the heavy late. Yearly mean differences were highly significant but treatment differences were nonsignificant.
Permanent loop transects revealed upward trends under all treatments.
Upward trend was strong under moderate early, but weaker under season long grazing. Mean frequencies of crested wheatgrass, as calculated from 1 x 1-ft sample plots in 1964, and from 3 x 3-inch plots in 1965, were significantly higher following late grazing than early grazing. Higher brush frequency was associated with heavy early grazing.
The trampling associated with treatments as measured by the cumulative cattle hours per paddock throughout the study was not reflected by variations in permeability to air by the soil surface. Sagebrush response.-Area-list plots showed that season long grazing was the only treatment that allowed a marked, rapid increase in sagebrush cover (Table  1) . The loop-transect method also indicated that season long grazing allowed the greatest increase in sagebrush.
From two plants on 10 plots and a mean area of 0.5 cm2 it increased to 24 plants in 1957 because of a heavy infestation of larvae of the moth Aroga websteri (Clark, 1942) .
However, this decline occurred only under season long and moderate early grazing.
Seedlings of sagebrush were rare after 1957. Of the 539 counted, 947, appeared in the first three years. Seedlings were most encouraged by moderate late, heavy alternate, and heavy grazing but no treatment concluded the 11 years with more than one established plant per plot. Rabbitbrush response.-The trend in crown cover was marked by extreme yearly variation and general decline from the 89% of total brush crown cover present in 1955. The cattle browsed Douglas rabbitbrush heavily at this station. Crown cover was sharply reduced during the 1959 drought, but most of the shrubs survived.
The heavy early treatment began with the highest density, 4.8 plants per plot, and decreased to 1.0. Rabbitbrush, regardless of treatment, stabilized finally at 0.7 to 1.0 shrubs per plot. The most stable population existed under no-grazing while the most rapid depopulation was under heavy early grazing. Of some 500 seedlings counted, nearly all appeared in the first three years.
Moderate early grazing was most favorable for seedlings while three treatments, moderate and heavy late, and season long grazing each allowed scarcely any to appear. Densities of rabbitbrush were much more uniform than of sagebrush among years and among treatments.
No significant correlation was found between rabbitbrush crown area and basal area of crested wheatgrass.
Sagebrush-grass ratio .-Sagebrush canopy cover was more responsive to treatment than was basal area of crested wheatgrass.
Inasmuch as sagebrush is the primary undesirable and crested wheatgrass the primary desirable species, the ratio of crown cover of the former to the latter affords an index of condition.
Records of 1955 and 1956 are summed in Table 1 Relation of jackrabbits to cattle grazing.-Pellets in early July, 1959 ranged from 6.7 per ft2 on season long plots to 18.5 on heavy early alternate years (P < .05). Based on the work of Arnold and Reynolds ( 1943) , with Arizona and Antelope jackrabbits and using 60 rabbits as equivalent to an animal unit, 6.7 pellets per ft2 represented roughly 9 animal unit days per acre.
Other indicators.-Loop transects afforded several indicators of trend, i.e., differences in numbers of hits on grass, brush, bare ground, litter and pavement plus rock ( Mean leaf length at early grazing for moderate was 4.6 inches, heavy 4.3 inches. Stubbles after grazing were 2.4 and 1.5 inches, respectively.
Culm heights before late grazing, moderate were 11.1 inches, heavy 10.6 inches. Swbbles after grazing were 2.8 and 1.7 inches, as IO-year means. crested wheatgrass data revealed no significant differences in mean basal area among paddocks assigned different treatments. Crested wheatgrass responded to the high precipitation of the 1956 to 1958 period with a,general upsurge in crown area, only to decline dnrmg the drought of 1959 to 1960. Thereafter there was wide divergence among treatments.
The highest basal areas were achieved under complete protection and heavy late grazing, but even these were reduced to near their original cover during the seven dry years, 1959 to 1965.
Mean yields varied from 590 lb/acre in 1957 10 71 lb in 1961. Early grazing had a stronger depressing effect (P < .Ol) on cumulative yield than did heavy graziq.
Plots cm at one inch at maturity in 1965 averaged 574 lb/acre, nearly twice as much as the grand mean of the previous eight years. The highest vigor was reflected by a final yield of 812 lb/acre on moderate late. All final yields indicated lower vigor under prolonged early utilization, as illustrated in Fig. 1 Number, height and weight of shoots emerging from cores of wheatgrass crowns all indicated lowest vigor of plants never grazed, and highest from heavy early and season long (Fig. 2) . Root weights were inconsistent.
Repetition of the test in the dark resulted in diseased plants and no data. Late and early heavy grazing reduced cover.
The highest average cover, 162 cm2, occurred on plots grazed season long and the most stable brush cover existed under full protection.
Regardless of original crown cover or treatment, all converged to similar cover, between 30 and 80 cm2 per plot in 1965.
Ratios of sagebrush canopy area to wheatgrass basal area and their differences are recorded as an index of trend in condition.
The maximum decreases in ratio of brush crown areas to wheatgrass lvere under moderate late and heavy early grazing (Table  3 ). The widest fluctuations in density were on the season long and late grazed Native residual species.-Basal areas of squirreltail (Sitanion hystrix) and bluegrass did not differ significantly according to treatment. However, frequency of squirreltail after nine years of moderate late grazing, 38.57,, was higher than following any early or season long grazing (P < .05).
Other indicators.-Beginning in 1958 the lOO-ft loop transects were read at the 6-inch as well as the l-foot marks. 9.Oa 6.4a 13.la 1 Agcr = crested wheatgrass; Artr = sagebrush. 2 Means followed by the same letter do not differ significantly at the 5% level of probability. 3-R = closed to rabbits; SR = open to rabbits.
ROBERTSON
ET AL. 1 Means followed by the same letter are not significantly different at the 5% level of probability.
Pocket gophers were so active in 1961 that a survey of their tunnels was made before grazing by probing 10 times on 10 transects in each paddock.
As shown in Table 5 gophers were most active under no grazing and heavy late grazing in alternate years only.
Clearings by harvester ants ranged between 0.2 and 2.2% of ground cover in the 14 paddocks.
Crested wheatgrass cover had a strong tendency to vary inversely as the area of ant clearings.
Results
Crested wheatgrass response.-As at the other stations, means of crown cover, yield, and density of seedlings differed significantly among years. All treatments started in 1955 with mean crown areas of 90-100 cm2 per plot. Annual changes moved gradually downward together, being especially narrow and close for all treatments during drought periods. Late and season long grazing appeared more favorable during moist years than early or no grazing. Trend under no grazing was intermediate in basal cover. Mean yields of oven-dry herbage were relatively low, ranging from 5 lb/acre under moderate early in 196 1 to 540 under heavy late grazing in 1957. In 1961, the mean of 48 plots was 60 lb/acre compared with 440 lb in 1957.
Production on annually clipped plots in 1965 was not significantly more than on annually grazed plots. Yields obtained in 1965 by clipping all plots at maturity at the same level indicated that season long, and late annual grazing had left the grass in higher vigor than had early, none or alternate year grazing.
Crop-year precipitation accounted for 40 percent of the variation in yield (r = 0.64; P < .lO Its frequency in 1965 was higher under season long and no grazing than under other treatments (P < .05).
Phlox declined most under heavy late grazing and gained most in cover under early moderate grazing (n.s.). The frequency of phlox in 2 x 2-ft plots was higher under heavy late grazing in alternate years, 19.5%, than on ungrazed, 4.0y0, or early heavy paddocks, 5.0% (Heinze, 1964) . Other indicators.-A comparison of changes in the five indicators of trend may be made with the loop-transect data in Table  7 . Hits on crested wheatgrass and bare ground were fewer after 6 years. The decline in bare ground was most under late grazing and least under season long grazing. Decline of wheatgrass was not outstanding under any particular treatment, nor was the increase in sagebrush.
Late grazing produced the most litter cover, season long the least. Exposure of pavement and rock was least in the rabbit-proof ungrazed paddock and most under late grazing.
Discussion and Conclusions
Trend in range condition as response to different schedules (seasons and intensities) of grazing is the central objective of this research. 
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Since site quality and initial stands differed, parallel responses to all treatments were not obtained. For example, late grazing at Paradise was a month earlier than at Pleasant Valley and seven weeks earlier than at Sweetwater, in accord with differences in elevation. The indicators of trend which appear useful include changes in cover, density and seedling counts of grass and brush on area-list plots; change in composition as reflected in numbers of hits on more and less desirable species; soil surface protection in terms of litter, bare ground and pavement on Parker loop transects, differences in vigor as reflected by yields on clipped plots and on wheatgrass plugs grown indoors; and perhaps most useful, the changes in ratios of sagebrush canopy to crested wheatgrass basal cover on 9.6 ft2 plots. Since the frequency method was not used at the beginning of the study, conclusions as to trend based on this method are speculative although highly significant differences among treatments were detected.
Heavy grazing in alternate years produced downward trend at Paradise Valley and Sweetwater but at Pleasant Valley the indicators disagreed.
Hence, no reason is seen for recommending alternate year rest after heavy use, nor is it clear that a year's rest will compensate for abusive grazing. Full protection failed to prevent downward trend at Sweetwater or to produce consistent indicators of trend at the other stations.
Both continuous protection from stock and rest in alternate years favored concentration of pocket gophers at Sweetwater, a response somewhat parallel to that reported in California (Howard and Childs, 1959 A partial stand on a good site can easily be encouraged to thicken, e.g., Pleasant Valley. On the other hand, a dense stand on a mediocre site will decline under most grazing schedules including non-use, e.g., Sweetwater.
Only at Sweetwater did sagebrush cover increase to the point where the management agency considered it necessary to spray.
Early but not late grazing was followed by regrowth and seed production in favorable years. An inch or so difference in stubble height either early or late, made scarcely any difference in trend. Time of grazing exerted much more influence. Where any squirreltail was present, it increased under late but not early grazing.
Although the effect of insects, rodents and rabbits were uncontrolled variables, they were generally overshadowed by effects of grazing and variable mositure.
Variable tramplin, 0 made no measurable difference in soil surface permeability.
In general, grazing at the end of growth improved fair but not excellent stands of crested w hea tgrass.
Trends fluctuated with climatic variations, and varied according to grazing schedule, site, and density of original stands. These conditions should
